Neighbourhood characteristics influence infant mortality above and beyond individual/household factors. In India, there are very few studies discussing the effects of neighbourhood characteristics on infant mortality. This study examined the effect of neighbourhood socioeconomic characteristics on infant mortality using data from the India's Third District Level Household Survey conducted in 2007-2008. Multilevel analyses applied on the representative sample of 168,625 nested within 14,193 communities using MCMC procedure. Results established that place of residence, neighbourhood socio-economic factors as important determinants of infant mortality. Overall, being born in affluent (OR: 0.79, p < 0.01), more educated (OR: 0.86, p < 0.01) and socially disadvantaged caste (OR: 0.83, p < 0.01) neighbourhood was associated with the significant reduction in hazards of infant death. The finding of this study suggests that effort should be made to reduce infant mortality in these high focus states by including policies which aim at improving infant survival in the neighbourhood that is economically and socially deprived.
Theoretical Background
During the past three decades, a number of studies have examined the impact of socioeconomic status (SES) and SES-related factors on infant and overall mortality [23] [24] . Yet, the mechanisms linking SES to mortality are not clear. It has been documented in several researches that individuals who live in poorer and more disadvantaged neighborhoods have inferior health outcomes [11] [16] . Several reviews of studies using multilevel analysis have concluded that neighborhood socioeconomic status (SES) has an independent effect on a wide variety of individual health outcomes even when controlling for individual SES and other individual characteristics [11] [ 16] .
The field of "neighborhood effects research" is concerned with empirically demonstrating the existence of these types of contextual influences on health. It is a growing area of study with contributions from diverse disciplines ranging from demography, social epidemiology, geography, medical sociology, and economics [25] . In the context of documented research relating neighborhood socioeconomic position and infant and child mortality, Sastry [12] argued that neighborhood characteristics can aggravate or alleviate mortality risks of individuals depending on the neighborhood contexts where individuals reside. Further, recent evidences have continued to underscore the importance of neighborhood characteristics on health outcomes [26] - [28] . Considering the significant decrease in infant and overall mortality, the role of neighborhood effect on mortality cannot be ignored. There is increasing support to the hypothesis that individual deprivation combined with prosperous neighborhood positively affects the health. Keeping in view the findings reported in earlier literature that indicate growing interest in the study of the effects of community or the neighborhood context on health outcomes in developing countries, this paper seeks to increase the understanding of the extent to which characteristics at individual and community levels influence variations in infant mortality for impoverished states of India.
Data and Methods

Data
Data from the third District Level Household Survey (DLHS-3, IIPS-2010) [29] were analyzed for this study. The definition of neighborhood that has been adopted is simply, the "neighborhood area" consists of a group of home areas that share a commonly defined residential area that often has a name. In some studies, geographical boundaries, developed for census or other political purpose, as proxies of actual communities or neighborhood (Roberts, 1997). In this study geographical boundaries defined by Census-2001 which has been further adopted by DLHS-3 considered as neighborhood (community). In DLHS-3, PSUs are either a village or part of it in rural areas and a census enumeration block (CEB) in urban areas.
The outcome variable for this study of survival status of child in the first year of life, coded as 1 for death and 0 for alive. The independent variables in this paper included important characteristics at the individual, familial and neighborhood levels. The variables at individual level include characteristics at child and mother levels. Selected neighborhood level variables in this study include: Neighborhood mean wealth index, Neighborhood mean level of education and Proportion of socially disadvantaged groups (SC/ST) at PSU level. These neighborhood level variables have been assorted or aggregated to PSU-level from individual-and household-level excluding index women's household.
Methods
Two-level random intercept logistic regression (with the outcome being infant death within a neighborhood) was used to estimate the effect of the neighborhood (PSU) level variable after taking into account potential sociodemographic confounders at the individual and household levels. The multilevel regression coefficients were estimated using Markov Chain Monte Carlo (MCMC) estimation procedures by runmlwin, stata module for fitting multilevel models in the MLwiN software package [30] .
Results
The distribution of the study sample by individual-level characteristics is presented in Table 1 . To arrive at a model which best fits the present study, we fitted five versions of the multilevel model described in the preceding section. Model-I is an empty model without any covariates; in Model-II, state dummy variables are incorporated; and model-III is designed to explore the effect of individual and maternal characteristics on risk of infant Table 2 ) at child/mother-and neighborhood-levels. The significant variation thus justifies the use of multilevel modeling in this study. The results from analysis indicated that the inter community variance (expressed as VPC or ICC) in infant mortality was 6% in state level model. The estimated PCV (percentage change in variation) shows 39.5%, and the 15.2% variance associated with infant mortality across individual-and community-levels is explained by state in which an infant is born or raised. Adding the state as covariate in Model-II, introducing mother and child-level variables into Model-III also yielded significant variance across communities. For instance, as indicated by the proportional change in variance (PCV) in Model-III in Table 2 , 11.86 and 17.39 of the variance in the risks of infant mortality across individual and community levels respectively were attributed to child and mother level variables. Variances that resulted from inclusion of only community-level characteristics in the multilevel modeling were significant (Model-IV). As indicated by the PCV in Model-IV (Table 2), 11.86% and 19.57% respectively of the variance in the risks of death during infancy across individual-and communitylevel could be explained by characteristics at the neighborhood level. The last model (Model-V), which includes all the variables, suggests significant variation in the risk of infant death at community-as well as individual-level. The fixed part of the model (Table 3) After including other socioeconomic, demographic and neighborhood variable as covariates in the subsequent models, the risk of infant death was attenuated for all the states. The measures of variation in Model II to Model V show that, inclusion of the states as dummy covariate yield a significant variance across individual and neighborhood level (Table 2) The results from Model V ( Table 2) indicate that neighborhood socioeconomic status is significantly associated with risk of infant death. Results established ( Table 3 ) that place of residence; maternal education, mother's age, neighborhood and community socio-economic contexts are important determinants of infant mortality in India. Results indicate that being born or raised in an affluent (OR: 0.79, p < 0.01), more educated (OR: 0.86 p < 0.01) neighborhood was associated with significant reduction in risk of death in infancy. In addition, caste segregation in the context of high proportion of socially disadvantaged group (SC/ST) in the community also adversely affects the chances of infant survival. Finally, the decreasing values of DIC (Deviance information criterion) with each successive model indicated a good fit of the multilevel models, thus signifying a significant improvement over the previous model.
In Figure 1 , five-way MCMC graphical diagnostic plot have been generated to see the convergence and autocorrelation in the model. On the first row, the left panel plots the trace of the chain while the right panel plots a smoothed histogram of the chain. On the second row, the left panel is an auto-correlation function (ACF) plot showing the autocorrelation between iteration t and t − k while the right panel is a partial auto-correlation function (PACF) showing the autocorrelation between iteration t and t − k, having accounted for iterations t − 1 to t − (k − 1). Here the chain looks less correlated.
Discussion
A vast body of research has provided evidence that neighborhood effect research is important for public health interventions as it reveals neighborhood level variations more clearly than individual-and household-level factors [9] [10] [31] . As it is evident from the SRS reports that IMR level is higher in the nine high-focus states of India, it is justifiable to limit the analysis to these states [1] . The objectives of this paper were to examine the effects of individual and neighborhood effect on infant mortality and further determine the extent of neighborhood variation and clustering in infant mortality. The study has considered those neighborhood level factors that mainly work as proxy for the socioeconomic status of the neighborhood, and provides plausible explanation for the variations and clustering of infant mortality at community-level in the nine high-focus states of India. The finding of this study is consistent with similar studies suggesting significant effect of individual and neighborhood context on the risk of infant mortality. As indicated from the intra-class correlation as well as proportional change in variance (% PCV), there is variation in infant mortality across neighborhoods as well as at the individual level. The relatively higher risk of infant mortality to the individual surrounded by disadvantaged neighborhoods suggests that neighborhoods characterized by lower SES in the context of economic position, educational attainment of mother and higher proportion of disadvantaged groups have higher risk of infant mortality. The present analysis considers the effect of socioeconomic factors such as gender, caste, religion, household wealth, place of residence and some maternal and child level factors such as maternal schooling, maternal age at childbirth and birth order of the child on infant survival.
The importance of maternal schooling for child survival has been widely acknowledged by several researchers [32] [33] . Likewise, the finding suggested an inverse relationship between maternal schooling and infant mortality. This association, however, was attenuated after adjusting with other community and individual level factors. In most of the studies based on household surveys, household wealth indices based on information about household assets, consumer durables, quality of housing, and access to utilities and infrastructure were used as proxies to measure wealth status of the households [34] [35] .
The study suggests clear evidence of the inverse association between wealth index and infant mortality. More specifically, we found that there is a wealth index gradient in the odds of infant mortality i.e., at higher quintiles of wealth index, the likelihood of infant death decreased substantially in unadjusted as well as in the multivariable model. Many studies have noted a differential in rural-urban child survival rates in developing as well as in developed countries [36] [37] . The urban mortality advantage in terms of health care facilities and infant and child mortality was observed in India [38] [39] . The finding from our analysis related to rural-urban mortality gap is in agreement with the findings of these studies. There is a slight reduction in risk of infant mortality in urban areas than in the rural ones.
In the Indian context, caste may be considered broadly as a proxy for socio-economic status and poverty. The scheduled castes and tribes, and in some cases the other backward castes are considered as socially disadvantaged groups who have a higher probability of living under adverse conditions and poverty [40] . It is evident from earlier studies based on the NFHS data that Schedule caste and Schedule tribe populations experience higher infant mortality than the other castes [39] . Consistent with these studies, we also found that the category "other caste than SC/ST" has lower mortality chances. Given the association between maternal age and infant survival, the present analysis indicates that teenage mothers are more vulnerable to experiencing infant death than the other two age groups of women (20 -34 & 35+) . This study highlights that uptake of antenatal care has significant relationship with survival of the infant. Previous studies have indicated that the place of delivery is significantly related to the risk of infant death. It was found that institutional deliveries have lower chances of resulting in infant death than for babies delivered at the home. More interestingly, after accounting for commu-nity-level variables, the relationship between the two becomes highly significant. Considering the significance of regional diversity in influencing the variation in infant mortality in India, this study found that there is elevated risk of infant death to mothers residing in Uttar Pradesh, Chhattisgarh, Bihar and Rajasthan (Central and Eastern region).
There has been extensive assessment of role of material resources on health outcomes in cross-sectional frameworks; but studies have overlooked associating area-level income inequality with risk of infant death. Previous studies have benefited by using wealth index, constructed on the basis of assets owned by household, as a proxy for economic status of the household. Analyzing the effect of neighborhood-level wealth index on risk of infant death allows testing of the Wilkinson hypothesis [41] , that societies with wider income differences show lower levels of average health than societies with greater income equality. The finding suggests that the relatively higher risk of infant mortality for individuals surrounded by disadvantaged neighborhoods characterized by poor economic status. Therefore, it can be easily hypothesized that neighborhoods in the low quintile bracket fail to provide protection in terms of increased education and, consequently, economic security and information related to health care which can be detrimental to the health of new-born and infants.
An advantage of multilevel analysis is that inclusion of wealth index and aggregated wealth score as an indicator of living standards at the household and community level respectively makes the relative wealth measures at the household and community levels more informative [42] . The final model, which includes the household wealth quintile and the average wealth quintile in the neighborhood, suggests that effect of community wealth levels is less as compared to adjusted effect of neighborhood wealth. The effect of household wealth has increased slightly when compared to the observed bivariate associations; yet, at all levels, wealth index continues to exert a considerable negative effect on infant survival.
The present study also confirms the findings of previous researches [9] [10] that there is a community-level effect of mothers' education on infant mortality in the high-focus states. There is clear evidence of education gradient in infant mortality-in communities where the level of education is generally high, odds of dying in infancy is less. An unadjusted estimate suggests that the association between neighborhoods mean level of education and infant mortality is positive and statistically significant. After adjusting with individual level as well as other community-level confounders, it was seen that neighborhood effect of education is mitigated to a certain extent. Besides, there is a positive individual-level effect if the child's mother herself is educated.
This result is consistent with Kravdal's findings in his study of education and child mortality in India (Kravdal, 2004 ). An interesting finding of the study is that community-level effect has significant bearing on infant mortality irrespective of whether the infant are born to less-educated mothers, providing evidence of positive externality (spillover effect) of community-level maternal education in determining infant survival.
The effect of neighborhood education may operate through a wide range of variables related to autonomy and health care [9] . Overall level of female literacy at the district level is crucial as a catalyst for trickling down of good practices in child-care, including utilization of healthcare services. The best intervention strategy for enhancement of community-level female literacy is rigorous strengthening of village-level forums such as Mahila Mandals (Women's Groups) for the welfare of women since they are involved in promoting health seeking behavior of the women in their localities.
This study also shows that high concentration of disadvantaged groups within a community is predictive of infant mortality risks, which can affect child mortality through neighborhood SES and other contextual factors. It is expected that the cultural practices, food habits and taboos prevailed in different caste groups influence the nutritional status of children which, in turn, affect the infant and child mortality [43] .
In the present study, concentration of SCs/STs in the neighborhoods was constructed by aggregating the percentage of SC/ST population in the community. In previous studies, the percentage of SC/ST population was considered as an indicator of underdevelopment in community/districts/States. In some of the high-focus states, there is higher proportion of SC/ST in the total population. Therefore, it is useful to explore the effect of concentration of SC/ST in communities on health care behavior and subsequently, their infant mortality risk. However, due to the complex nature of association between SC/ST and child health it is difficult to generalize the inferences drawn from this analysis, which suggests that there is a positive and statistically significant association between higher concentration of SCs/STs and infant mortality risk.
Limitation and Conclusion
A significant limitation of this study is that it considered PSU as the neighborhood for estimating the neighbor-hood effect. However, analysis may be subjected to biases due to misspecification of respondent, placing them in the wrong neighborhood [44] . Moreover, all community level variables were constructed after assorting individual and household variables up to PSU level. There is likelihood of autocorrelation of individual-level variables and aggregated variables. To solve this problem, a correlation test of all the selected variables was conducted, and no two variables were found to be highly correlated. In spite of these limitations, the study provides fresh evidence that better understanding of the characteristics at both individual and community levels is crucial for addressing neighborhood clustering and variations in infant mortality. In conclusion, this study found that substantial variations in infant mortality exist across individual-and neighborhood-level factors in India. This study provides empirical evidence of the importance of both individual and neighborhood contexts in providing plausible explanations for high variations in infant mortality rates in the high-focus states. The results of this study underscore the need to look beyond the influence of individual-level factors to address clustering and variations in infant mortality in the afore-mentioned states. The study explicitly demonstrated that households surrounded by economically and socially deprived neighborhoods have elevated risks of infant mortality as compared to better-off communities and regions. The findings of this study suggest that, for attainment of child mortality-related goals, focused efforts are required to reduce infant mortality in these high-focus states. Therefore, appropriate policies promoting community-level interventions are necessary for improving infant survival rates in the economically and socially deprived neighbourhoods.
